We aimed to present the outcomes of patients with symptomatic kidney stones treated with percutaneous nephrolithotomy (PNL) or retrograde intrarenal surgery (RIRS).
Introduction
In terms of kidney stone incidence, our country is considered to be an endemic area, and it holds an important place in urology practice with an incidence of 11.1% (1) . For the treatment of kidney stones, many methods have been applied up to now, and these methods are extracorporeal shock wave lithotripsy (ESWL), percutaneous nephrolithotomy (PNL), retrograde intrarenal surgery (RIRC), and laparoscopic and open surgery. Owing to technological developments, minimally invasive methods have been mostly implemented in recent years, and the rate of open surgery has fallen below 0.7-4% (2).
In the European Urology Guide, ESWL and RIRC are generally recommended for the treatment of symptomatic kidney stones smaller than 1 cm, while ESWL or endourologic surgeries (RIRC or PNL) are recommended for stones between 1 and 2 cm, and PNL is primarily recommended for stones larger than 2 cm (3).
Modern endourological methods have undergone several modifications to reduce complication rates, along with a higher stone-free rate, to improve patient comfort and shorten the length of hospital stays. In order to reduce complication rates by reducing the PNL renal parenchymal tract diameter, as an alternative to standard PNL, micro-PNL, ultra-mini PNL, and mini-PNL techniques have been described (4) .
In this study, we aimed to present the results for patients who underwent PNL and RIRC for symptomatic kidney stones between November 2010 and June 2015 in our clinic.
Methods
The records of patients who had undergone PNL and RIRC due to symptomatic kidney stones between November 2010 and May 2015 were retrospectively evaluated. Patient consent was preoperatively taken. Demographic data of the patients [age, gender, body mass index (BMI)], average stone size, postoperative stent insertion, surgery and fluoroscopy time, hospital stay, postoperative hematocrit decrease, complication rate, and stone-free rates were evaluated.
Patients' physical examination, routine blood test, urinalysis and culture, direct urinary system graphy (DUSG), renal ultrasonography (USG), intravenous urography, and/or noncontrast computed tomography (CT) scan results were preoperatively evaluated. Patients with positive preoperative urine culture results were treated with appropriate antibiotics, and upon obtaining sterile urine cultures, the patients were operated on. Operations were conducted on patients with sterile urine under antibiotic (1 g of intravenous second-generation cephalosporin) prophylaxis.
Surgical techniques:

Percutaneous nephrolithotomy:
Cystoscopy was performed in all patients under general anesthesia in the lithotomy position, and a hydrophilic-tipped guide wire was advanced into the ureter under fluoroscopic guidance. Then, a 6 Fr open-ended ureteral catheter was inserted via the guidewire in order to fill a collecting system with contrast material and was fixed on the urethral catheter. After this procedure, patients were kept into the prone position on a table compatible with C-arm fluoroscopy. Following site clearance and covering the patients, appropriate percutaneous entry via a calyx was performed via an 18 G needle, accompanied by fluoroscopy. For patients who were scheduled for micro-PNL, percutaneous entry was performed via a 16 G needle as it provided a full view. After inserting the guidewire into the collecting system, depending on the operation, the input line was dilated to 8-30 Fr. Then, an Amplatz sheath was placed and after nephroscope in accordance with sheath was placed (6 Fr, 12 Fr, 17 Fr, 24 Fr), stones were fragmented by pneumatic ultrasonic or laser lithotripsy. Fragments were removed with the help of endoscopic forceps, basket catheters, or by a washing process. The operation was completed with or without nephrostomy tube placement.
Retrograde intrarenal surgery:
Cystoscopy was performed on all patients in the lithotomy position under general anesthesia, and a hydrophilic-tipped guidewire was advanced into the ureter via fluoroscopy. In order to exclude ureteral pathologies and to perform dilation, with the aid of semi-rigid ureteroscopy (9.5 F, Karl Storz Endoscopy), control ureteroscopy was conducted over the guidewire. Later, under fluoroscopic guidance, an access sheath was advanced over the guidewire to the proximal ureter. Either through the access sheath or through the guidewire for pa-tients for whom a sheath could not be placed, the renal pelvis was reached by means of 7.5-Fr flexible ureterorenoscopy (Karl Storz Endoscopy, flexX2). When it was not possible to reach the kidney due to obstruction, double J (DJ) stents were placed into the ureter, and the procedure was repeated after 2 weeks. The stones were fragmented via a holmium YAG laser until the stones were able to fall spontaneously. Fragments larger than 3 mm were taken out with a basket for stone analysis. At the end of the operation, for patients with solitary kidney and those with high stone burdens, a 4.8-Fr DJ stent was placed.
After PNL, patients were monitored via hematocrit control due to the bleeding risk. Complications were recorded according to the Clavien system. For all patients, stone-free rates were evaluated with DUSG and USG in the first postoperative month, and patients with non-opaque stones were evaluated with non-contrast CT. Success was defined as being completely stone-free or having residual fragments smaller than 3 mm.
Results
Of 471 renal units that performed PNL, 47 performed micro-PNL, 37 performed ultra-mini PNL, 51 performed mini-PNL, and 336 performed standard PNL; 290 renal units performed RIRC. The average age of the patients in the PNL group was 44.5 (range, 1-83) years; their average BMI was 26.9 (range, 15.3-52.7) kg/m 2 , and the male/female ratio was 307/164. Operations were performed on the right side in 223 patients, on the left side in 242, and bilaterally in 3. The average stone size was 27.6 (range, 7-130) mm. Among the studied patients, 20 had rotation anomalies, 4 had ectopic pelvic kidneys, 5 had kyphoscoliosis, 2 had solitary kidney, and 1 had a duplicated system. The average age of the patients who underwent RIRC was 47.1 (range, 1-86) years; their average BMI was 25.1 (range, 15.1-42.7) kg/m 2 , and the male/female ratio was 158/132. Operations were performed on the right side in 141 patients, on the left side in 127, and bilaterally in 11. The average stone size was 13.5 (range, 6-25) mm, and 19 patients were operated on under anticoagulant treatment. Among the patients, 24 had solitary kidney, 6 had rotation anomalies, 6 of horseshoe kidneys, 3 had kyphoscoliosis, 3 had duplicated systems, and 2 had ectopic pelvic kidneys.
The mean durations of PNL and RIRC were 70.0 (range, 20-240) min and 62.5 (range, 40-180) min, the average durations of fluoroscopy use were 45.1 (range, 17-610) s and 29.8 (range, 4-96) s, and the average hospital stays were 2.4 (range, 1-20) days and 1.1 (range, 0.5-5) days, respectively. After PNL, 416 (88%) patients had nephrostomy catheters inserted for decompression and drainage. In 15 (5%) patients who underwent RIRC, an access sheath was not used, and DJ stents were placed in 253 (88%) patients after the operation.
Stone-free conditions were achieved in 413 (88%) patients who underwent PNL and 230 (80%) patients who underwent RIRC. Among the patients who had PNL, 13.1% developed complications. In terms of complications, 16 patients had prolonged urinary leakage from the nephrostomy tract that required DJ stent installation (Clavien stage-3a), 9 had urinary tract infections (Clavien stage 2), 4 had urosepsis (Clavien stage 4), 3 had urinary extravasation that required drainage (Clavien stage 3a), 5 had hemorrhage that required transfusion (Clavien stage 2), 3 had massive bleeding that required angioembolization (Clavien stage 3a), and 4 had pneumothorax or hemothorax that required chest tube insertion (Clavien stage 3a). The complication rate in RIRC was 1% (n=3); 2 patients developed a urinary tract infection (Clavien stage 2) that was controlled by means of antibiotics and 1 patient had urosepsis (Clavien stage 4).
Demographic data, preoperative data, and postoperative success and complications of the patients are shown in Table 1 and Table 2 .
Discussion
The goal of kidney stone treatment is to achieve stone-free conditions with minimal morbidity. Thanks to technological developments and recent minimally invasive surgical methods, not only high success rates have been achieved, but also the length of hospital stay, surgical complications, mortality rates, and workforce loss have decreased. As a result of these recently developed methods, open surgery in the surgical treatment of kidney stones was deserted except in very limited cases, and instead, RIRC and PNL have become routinely applied in modern stone surgery.
The most important handicaps of these minimally invasive methods are that they require a long and difficult learning curve (5) . The most important and difficult step of PNL is to perform appropriate percutaneous access from the calyx into the kidney. In the USA, only 11% of kidney access operations are implemented by urologists (5) . In addition, studies have shown that complication rates of kidney access operations that are not implemented by urologists are higher than those that are implemented by urologists (6) . The reason for this situation is believed to be that, compared to urologists, radiologists lack surgical experience in terms of unerring caliceal access selection for the most appropriate surgical procedure. In our study, the access procedures in all the cases were conducted by experienced (AT, AA, and TA) urologists.
The success rates of PNL in large series of patients have been reported as being in the range of 72-98% (7, 8) . When the factors that affect the success of PNL are taken into consideration, especially the stones' structure, size and location, the patient's previous history of open surgery, and lithotripter type that was used stand out as the most important parameters (8) . In our study, the value of 88% stone-free conditions was found to be consistent with the literature.
Owing to the recent developments in endoscopy and lithotripter technology, flexible ureteroscopes with smaller-diameters, better image quality, and increased angulation ability have been used and the RIRC utilization rate in upper urinary tract stone surgery has increased. As a result, particularly in European urology guides, for kidney stones larger than 2 cm, RIRC has become a secondary choice after PNL, whereas for kidney stones smaller than 2 cm, RIRC has become a preferred treatment option. The average success rate in kidney stone treatment with RIRC in one session was found to be 86% (9) . In a study conducted by Grasso, lower calyx stones were grouped as smaller than 1 cm, between 1 and 2 cm, and larger than 2 cm; the success rates were reported as 82%, 71%, and 65%, respectively, and it was stated that as the size of the stone increases, the success rate decreases (10) . In our study, the success rate was determined as 80%, and the average stone size was calculated as 13.5 mm.
The presence of a bleeding diathesis and a patient being on anticoagulant therapy constitute a contraindication for PNL and ESWL, and thus RIRC is recommended as the most appropriate treatment for these patients (11) . In our study, PNL was not applied to any of the patients who were on anticoagulants, while RIRC was administered to 19 patients who were on anticoagulants. Although PNL is has a high success rate, it must be kept in mind that serious complications might develop during and after surgery. Considering wide series, major complication rates vary between 3.2% and 6.8% (5, 12) . Complications in PNL are classified as major and minor. As postoperative pain is considered to be a minor complication, when this complication is excluded, the rate of other complications is reported to be 9.3%. Hemorrhage is an important cause of morbidity in PNL. The rate of patients with hemorrhage who required transfusion varied from 14 to 23% in studies (4, 13) . In our study, the rate of patients with hemorrhage who required transfusion was 1.1%; this low rate was thought to be the result of surgical experience. The rate of patients with hemorrhage who required embolization has been reported as 0.8% (14) . In our study, this rate was found to be 0.6%, which was compatible with that in the literature. In studies that have been conducted, it has been reported that the number and diameter of entries, the stone burden, and the patient's concomitant diseases might be associated with hemorrhage. In recent years, in order to reduce the amount of bleeding, devices with smaller diameters have been used. In our country, ours is one of the first institutions to perform micro-PNL. We performed micro-PNL to 47 patients. Furthermore, recently, 37 patients underwent ultra-mini-PNL through 13-Fr access paths in our clinic.
The probability of the development of serious complications after RIRC is rare. As long as the urinary tract infection is treated with appropriate antibiotics and culture sterility is provided, a serious postoperative infection does not develop (15) . In our study, 3 patients (1%) needed postoperative treatment due to fever and sepsis. The most serious complications after RIRC are ureteral strictures. In the literature, the incidence of ureteral strictures after RIRC is less than 0.5% (16) . Ureteral strictures in the postoperative period were not observed in any of our patients. Generally, patients with hemorrhage during RIRC do not require transfusions. Further, in our study, none of our patients developed hemorrhage that required postoperative transfusion.
Conclusion
Today, for kidney stones that require treatment, minimally invasive methods such as RIRC and PNL have taken the place of open surgery. As shown in our study, these methods are applied as standard methods for treating kidney stones with high success and low morbidity.
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